when Cluster was approaching the plasma sheet from the northern lobe, Geotail traversed the southern lobe also approaching the plasma sheet during two substorm intensifications identified in the Kakioka magnetogram. In this paper we examine the temporal change of the tail configuration and evolution of the plasma sheet between 11 and 13 UT, when multiple intensifications of the first substorm took place. Changes in the tail configuration toward a dipole-like field were identified during all intensifications, suggesting plasma sheet expansion which were embedded in a gradual northward motion of the tail. We emphasize the importance of simultaneous measurements in both hemispheres in order to identify plasma sheet expansion or dipolarization, because flapping motions or local enhancements of the tail current density may mask and mimic the signatures. During a later intensification, Geotail and Cluster encountered the plasma sheet boundary layer, which is the most direct signature of expansion of the plasma sheet. Using the time difference among the Cluster four spacecraft and Geotail, the possible propagation speed of the dipolarization and spatial scale of the disturbance is discussed. In addition to the usual dawn-to-dusk electric field, significant contribution from a north-south electric field were observed both in the lobe and at the boundary of the plasma sheet associated with the dipolarization. This suggests the importance of the effects from a localized source region for dipolarization and/or reconnection process.
INTRODUCTION
The dynamics of plasma sheet in the region between 6 and 15 R E during substorm are expected to be controlled both by current wedge signatures near the inner magnetosphere and by processes associated with near-Earth reconnection around 20 R E . Statistical studies showed that the plasma sheet expands associated with substorm onset in the region Earthward of 15 R E (Hones et al., 1984; Baumjohann et al., 1992) . At expansion onset, the magnetic field returns to a more dipolar configuration within a longitude range that is spanned by the substorm current wedge and the plasma sheet expands. Formation of the reconnection region, on the other hand, also results in dipolarization at the earthward side of the reconnection region via pile up of the magnetic flux (Birn and Hesse, 1996) .
Between 1000 and 1800 UT on October 10, 2001, when Cluster was approaching the plasma sheet from the northern lobe, Geotail traversed the southern lobe and plasma sheet during two substorms with multiple intensifications. In this study we discuss on the temporal change of the tail configuration and evolution between 11 and 13 UT when multiple intensifications of the first substorm took place. We emphasize that: (1) thinning and thickening can only be unambiguously determined based on interhemispheric observations, which is very rare in the previous literature; (2) Cluster four-point observations enable to monitor spatial gradients and motion of the boundary and, together with Geotail observations, to discuss on the scale size of the disturbance; and (3) new Cluster instruments enable to notice the importance of the north-south electric field in the lobe as well as in the plasma sheet boundary layer, which has not been identified in previous studies. Figure 1 shows the location of the orbit of Geotail and Cluster between 10:00 and 18:00 UT on October 10, 2001 in (a) the X-Y plane and (b) the X-Z plane in geomagnetic solar magnetospheric coordinates (GSM), which will be used throughout this study. Geotail traversed the southern lobe and plasma sheet from premidnight to postmidnight, while Cluster was located in the northern hemisphere in the premidnight sector approaching the equatorial plane from the north. Closest approach took place around 12 UT. Cluster 1 was the most northern satellite, Cluster 3 the most earthward, and Cluster 4 the most tailward and equatorward one.
OVERVIEW OF THE EVENT
IMF B Z was mainly southward fluctuating between 0 and -4 nT based on ACE data between 10 and 16 UT. There were mainly two AE/AL substorms taking place with a westward electrojet of about 500 nT, based on the provisional AE and geomagnetic data plots provided from WDC-C2. Figure 2a shows the H and D components of the magnetogram from Kakioka. Positive bay enhancements associated with these two major onsets can be seen with peaks around 1210 UT and 1530 UT. These onsets can be also identified as enhancement in the dH/dt, representing the Pi2 activity, shown in Figure 2b . In this study, we concentrate on the first substorm that took place near the time when Cluster and Geotail were at closest distance. At 13:00 UT, Cluster was located X = −10.1, Y = 7.2, Z = 5.3 R E , while Geotail was located 
All the satellites were located therefore in the premidnight sector (22.5-23 LT) with foot point of the field line near the same local time sector as Kakioka station. Figure 2c shows the H and D components of the magnetic field at Victoria, which is located 90 • east of Kakioka, at postmidnight during the first substorm interval. Systematic relationships exist between the current wedge and midlatitude positive bay and perturbation in the D component (Nagai, 1987) . Namely, positive (negative) D perturbation is expected at western (eastern) part of the current wedge region. By taking into account the H and D perturbation from both Kakioka at premidnight and Victoria at postmidnight, multiple intensifications, when at least one of the stations identified positive bay enhancement, were identified between 11 and 13 UT. These events are shown as vertical lines in Figure 2 indicating 11:18, 11:55, 12:20, 12:38, and 12:55 UT. We also checked the high-latitude magnetograms from the 210 MM and and GIMA chain and identified corresponding enhancements of the westward electrojet with additional 100-300 nT negative bays associated with these intensifications. The D perturbation was always positive in Kakioka and negative in Victoria, indicating that the center of the current wedge is located between these two stations. The D perturbation at 11:55 and 12:38 UT, indicated by solid lines in Figure 2 , took both at Kakioka and Victoria simultaneously.
Cluster observations from the fluxgate magnetometer (FGM) experiment (Balogh et al., 2001) and from the Composition and Distribution Function Analyser (CODIF) of the Cluster ion spectrometry (CIS) experiment (Rème et al., 2001 ) between 11 and 13 UT are shown in Figure 3a . Spin-resolution (4s) data of the X, Y, and Z components and the elevation angle, λ, of the magnetic field from all the four spacecraft and proton density from SC 1, 3, and 4 are shown from top to bottom. Cluster was in the lobe until the transient enhancement of the density suggesting encounter of the boundary of the plasma sheet associated with the 1238 UT onset. The proton beta first exceeded 0.1 at 1240 and 0.5 at 1255UT. Figure 3b shows the 12-sec averaged data from the Geotail magnetic field (MGF) (Kokubun et al., 1994 ) and low energy particle (LEP) (Mukai et al., 1994) experiments in the same format as in Figure 3a . Geotail also stayed initially in the lobe and encountered the boundary of the plasma sheet after the 1220 UT onset, about 10 min earlier than Cluster. The ion beta reached 0.1 at 1249 UT. The dashed-dotted lines in the magnetic field plots show the Tsyganenko 96 model value with an offset so that the model field value for 11 UT agrees with Cluster 3 and Geotail data in Figure 3a and 3b, respectively. For Cluster profile the model value agrees well, particulary after the plasma sheet encounter. The offset value was large for Geotail (30 nT in magntitude). Yet the model obtains general trend of the current sheet consistent with the data and therefore we believe that these model profile can be used as a reference value. While the model value at Cluster location shows rather constant value, the model at Geotail shows gradual increase in B and B X , consitent with satellite moving toward the midnight region at location with stronger tail curret. Among the activations the most pronounced onsets were at 1155 UT and 1238 UT, in which both Cluster and Geotail observed similar magnetic field perturbations. The 1155 UT onset was associated with a smooth signature of dipolarization in the lobe. The 1238 UT also was associated with dipolarization but contained short-time scale magnetic fluctuations followed by plasma sheet encounters. The strongest fluctuation was in B Y for this event, indicating the feature of the field aligned current. In the following we examine the detailed particle and field signatures observed during the lobe intervals and near the boundary of the plasma sheet.
LOBE CONVECTION AND RECONFIGURATION OF THE TAIL
Both Cluster and Geotail stayed in the lobe until the 1220 UT activation. Gradual decreases in B X were observed in both the northern and the southern hemispheres relative to the model value. This suggests that the tail was moving northward relative to the spacecraft during this interval. Note that the tail current is not an infinite current sheet in X − Y plane so that B X is not constant and spatial gradient exists in the lobe. In fact, Cluster four-spacecraft observation in the lobe for this time interval showed a 0.4 nT/m gradient in the Z direction (larger absolute value of B X away from the equatorial plane). The observed decrease in B X was not steeper than -4 nT / 10 min. This corresponds to a maximum velocity of 17 km/s in the Z direction, which is a speed comparable to the average vertical plasma motion in the magnetotail (Petrukovich and Yermolaev, 2002) . Simultaneous decrease in Bx at Cluster and Geotail, therefore, is very likely due to a tail flapping. Note that for these intervals, if the plasma sheet changes were determined from the B X traces from one hemisphere only, opposite trend would have been deduced: the Cluster trace looks like expansion, while the Geotail trace looks like thinning. Overlapped with the general trend of decrease in B X , the 1118 and 1155 UT onsets were associated with some decrease in the absolute value of B X so that the decrease became more rapid in Cluster and slower in Geotail, which corresponds to a weakening of the taillike field. It should be stressed that whether these changes are due to flapping or a change in the current sheet can only be confirmed from the interhemispheric observations. Clear enhancements in B Z and elevation angle, which are the signature of dipolarization, were observed both at Geotail and Cluster for the 1155, 1220 and 1238 UT onset. The other onsets showed relatively weak signatures of dipolarization except for B X signatures supporting the decrease of the current discussed in the previous paragraph. Dipolarization was most pronounced for the 1155 UT onset. Cross correlation analysis of the B Z component between 1155 and 1210 UT indicated that there was up to 16 s time difference among the Cluster spacecraft, whereas Geotail leads Cluster by 32 sec on average. Assuming that the dipolarization developed as a planar structure with constant velocity within the Cluster tetrahedron, we obtained a velocity vector of (2.5, 24, 123 km/s), which was mainly in the Z direction, as the expansion speed of the dipolarization at the Cluster location. If we assume that this dipolarization propagates symmetrically as a planar structure with the same speed in the northern and southern hemisphere, we estimated that Geotail, which is located effectively inward, should have observed dipolarization 2 min before Cluster. This is larger than the Geotail-Cluster time difference, which means that the propagation speed is too low to explain the timing difference of the observations. The small time difference between Geotail and Cluster could suggest that the spatial scale of the dipolarization initially involved at least ±4 R E in Z direction. Figure 4a shows the X, Y, and Z components of the drift velocity of 1-keV electrons with 4 s-resolution obtained from the Electron Drift Instrument (EDI) (Paschmann et al., 2001) for Cluster 3. Since the gradient of the magnetic field is an order of magnitude smaller than the drift due to electric field, the figure mainly shows the E × B drift velocity. Since we are interested mainly in the DC component associated with substorm activation, we averaged the data over 3 min whenever more than 20 data points were available. Figure 4b shows the 3-min averaged electric field from EDI. Since the lobe field is mainly directed in the +X direction and EDI measures the perpendicular field and flow, the profile in V Y is equivalent to E Z , while V Z is equivalent to −E Y . EDI data were not available after 1240 UT when the spacecraft stayed mainly in the plasma sheet/plasma sheet boundary layer with large fluctuating magnetic fields.
As expected in the northern lobe under the influence of usual dawn-dusk convection electric field, the flow direction in Z was mostly southward. The 1155 and 1220 UT onsets were associated with enhancement in southward flow (or duskward electric field). Large equatorward convection was observed also in previous substorm observation by Geotail in the lobe (Taguchi et al., 1998) and by ISEE 1 and 2 near the boundary of the plasma sheet (Forbes et al., 1981; Pedersen et al., 1985) . Interesting to note for Cluster observation is that there were also velocity perturbations in the Y direction (or electric field in Z direction) so that the response to the substorm intensification could be seen in both the Y and Z components. For example, the major signature associated with 1118 UT onset was an enhancement in the duskward flow (or northward electric field). Explaining these these electric field variation therefore needs to take into account both the dawn-dusk and north-south component.
One explanation could be that these electric field enhancement is due to dB/dt when dipolarization takes place. In fact the E Z enhancement at 1118 UT corresponds to the time when B X dropped. If we assume that dB X /dt < 0 observed by Cluster was due to the decrease in the tail current dawnward of the spacecraft (where the center of the current wedge was located), we can expect a northward excursion of the inductive electric field at the duskside edge, where Cluster is located. This profile agrees with the observation. On the other hand, the major change for 1155 and 1220 UT was in the B Z direction. Considering the fact that Geotail, which was located more Earthward and closer to the center of the tail, observed larger B Z disturbance than Cluster, Cluster was located at the tailward part of the dipolarization area. Hence we expect a positive E Y excursion, which was the case as shown in Figure 4 . Effects of dipolarization in the tail have also been observed as changes in the electric field and magnetic field by EDI and FGM instruments onboard Cluster when the spacecraft altitude were at about 7 R E on field lines mapping to the central polar cap (Quinn et al., 2002) . These observations suggest also that effect of the dipolarization can be propagated in the lobe/open flux region.
Another explanation of the observed electric field is that the enhanced E Y is associated with the reconnection field, which is most likely located around 20R E during substorm expansion onset (Nagai et al., 1998) . A possible interpretation of the enhanced equatorward flow and field disturbance in the lobe is a transition from closed flux reconnection in the plasma sheet to open lobe field reconnection and the associated change in the field configuration (Taguchi et al., 1998) . In fact, for the 1220 UT onset, Geotail identified Earthward directed highly energetic ion beams, as will be discussed in detail in the next paragraph, which is supporting evidence of reconnection and an enhanced dawn-to-dusk electric field. The north-south electric field, on the other hand, could be related to the finite extension of the reconnection region.
PLASMA SHEET ENCOUNTER
At 1230 UT Geotail encountered the plasma sheet and so did Cluster at 1240 UT. Figure 5 shows energytime spectrogram of (a) H + from Cluster 4 and (b) ions from Geotail. Two different components can be seen in the Cluster panels when the spacecraft encountered the plasma sheet. One is a high energy (> 10 keV) component which is mainly streaming Earthward, as indicated by an arrow in the second panel, and the other is a more diffuse background component up to several keV, indicated by an arrow in the third panel. Eventually the distribution becomes a more isotropic plasma sheet type distribution. Geotail spectra also shows the high energy Earthward beam component, as indicated in the second panel, and the low energy component (indicated in the third panel). Yet, there seems to be other components apparent in the Geotail panels, which are possibly due to the effect from different species. In fact, Cluster observed O + ions with up to 25 % of the proton density (0.05/cc) in the plasma sheet boundary layer during this interval (not shown).
The plasma sheet encounter was also associated with fluctuating magnetic field signatures and enhanced difference in the fields among different spacecraft, as can be seen in the spread of the magnetic field traces in Figure 3a . Hence the gradient scale of the field has changed. Particularly, the 1238 UT onset was associated with short-time scale magnetic fluctuations accompanied by dipolarization. The strongest fluctuation was in B Y , possibly indicating field aligned currents. The Geotail perturbation occurred on a larger time scale. The difference may arise from the fact that Cluster was near the boundary of the plasma sheet, passing the local field-aligned current structure, whereas Geotail, located more inside the plasma sheet, observed the integrated effect of the field aligned currents. To further investigate the field-aligned current signature, we examined the four Cluster spacecraft difference. Figure 6a shows the X, Y, and Z components and λ of the magnetic field and the proton density from Cluster 1 and 4. The first plasma sheet encounter of Cluster 4 around 1240 UT occurred about 30 s earlier than Cluster 1. The vertical line in the figure shows the plasma sheet encounter of Cluster 1. A bipolar perturbation can be seen in the B Y trace in Cluster 4, while only positive B Y can be seen in Cluster 1. After the transient entry of the plasma sheet between 1240-1241:30 UT, both satellites returned to the lobe. A similar bipolar feature in B Y was again observed at the next plasma sheet encounter at 1242 UT in Cluster 4 and again, only positive B Y in Cluster 1. The time difference between the two spacecraft for the second plasma sheet encounter was about 4 min. Note that Cluster 1 was the northernmost spacecraft. The time difference therefore was most likely to be associated with a localized pair of field aligned-currents (current flowing mainly in the X direction) moving northward together with the plasma sheet expansion. This can be further identified from the linear estimation of ∇ · B and ∇ × B using the reciprocal vectors of Cluster tetrahedron (Chanteur, 1998) as shown in Figure 6b . The quality of the current density estimate using this approximation can be checked by comparing the ∇ · B and ∇ × B (Robert et al., 1998) . A positive-then-negative spike in the X component of ∇×B, significantly larger than ∇·B, can be seen during the first plasma sheet encounter. This indicates a downward and an upward field-aligned current, with the latter density been about twice the former. Such a pair of field-aligned currents associated with high-energy Earthward ion beams was also observed by Fujimoto et al. (2001) as an effect of the reconnection tailward of the satellite. Note that the large B Y spike at Geotail in the southern hemisphere also suggests an upward field-aligned current southward or tailward of the satellite and is consistent with the Cluster observations. The observed upward current in the premidnight could be also a part of the substorm current wedge, which was located tailward (or poleward) of Geotail. Figure 6c shows the X, Y, and Z components of the velocity perpendicular to the field calculated using proton flux with energy between 40 eV and 5 keV from Cluster 1 and 4. It is interesting to note that a strong flow shear mainly directed in the Y direction was identified associated with the perturbation in B Y . This suggests an existence of a strong electric field (about an order larger than the electric field obtained in the lobe) near the boundary. Large flow shear co-located with the B Y shear near the boundary of the plasma sheet has been predicted in global simulations (Birn and Hesse, 1996) and was identified in a GeotailEquator S conjunction observation (Nakamura et al., 1999) . Transient field disturbance during substorm expansion was also observed by ISEE and was interpreted as being due to impulsive reconnection (Sergeev et al., 1987) . Detailed structure of particles and fields and the possible mechanism responsible for the spiky large field fluctuation will be studied in a separate paper.
SUMMARY
Simultaneous observations in the northern and southern lobe and the plasma sheet during substorm intensifications between 11 UT and 13 UT on October, 10, 2001, were presented using Cluster and Geotail field and plasma data. Conjugate observations enabled us to monitor the global reconfiguration of the tail, while the four Cluster spacecraft could monitor the detailed structure and propagation of the disturbances. We summarize the results as following: (1) Magnetic field and electric field disturbances consistent with change toward a dipolar configuration were observed during multiple intensifications of the substorm. (2) It is essential to monitor both hemispheres to identify the dipolarization/plasma sheet expansion, since local enhancement in current density or tail flapping causes similar changes in B X . (3) The plasma sheet encounter involved inter-hemispheric large-scale field-aligned current, but also contained transient field disturbances. (4) Both in the lobe as well as at the boundary of the plasma sheet, significant contribution from the flow in the Y direction (or electric field in Z direction) were observed. These shear components in the flow (and magnetic field) could be essential to understand the dynamics of the tail.
